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Introduction
How does globalisation and environmental degradation affect domestic governance in sub-Saharan Africa? The question that motivates the present research builds on at least four features in the scholarly literature, notably: (i) the ineluctable phenomenon of globalisation;
(ii) the relevance of environmental sustainability in the post-2015 era of Sustainable Development Goals; (iii) the importance of enhanced governance standards in the sub-region and (iv) gaps in the attendant literature. These features are expanded in the subsequent paragraphs.
First, there are growing calls in policy and scholarly circles for globalisation to be given a human face (UN, 2013; Asongu, 2013; Stiglitz, 2007; Kenneth & Himes, 2008) .
According to the narrative, globalisation is an ineluctable process that can only be stopped at the price of putting the prosperity of people and nations in danger. Accordingly, the phenomenon is threatening domestic governments and the emancipation of the citizens because it promotes self-interest by prioritising the domination of markets over domestic governments' interests. In essence, while the phenomenon of globalisation has been empirically established to influence domestic governance standards (Klitgaard, 1988; Farazmand, 1999; Lalountas, Manolas & Vavouras, 2011; Asongu, Efobi & Tchamyou, 2018a) , it has also been recently documented to be the principal driver of carbon dioxide emissions (You & Lv, 2018) .
Second, carbon dioxide emissions which are at an all time high (McGrath, 2018) represent a considerable challenge to environmental sustainability in the light of Sustainable Development Goals which centre on the promotion of the green economy (Asongu, le Roux & Biekpe, 2017 , 2018b Efobi et al., 2019) . McGrath (2018) further maintains that net outputs from green growth are not enough to dampen the growing pollution of the environment.
According to the author, these carbon dioxide emissions are principally determined by two main tendencies: (i) globalization-oriented policies. (ii) Measures aimed at promoting the green economy which, are more traceable to efforts from domestic governments rather than from multinational companies. The underlying concerns are most relevant to sub-Saharan Africa because three key factors motivating this research are very apparent in the sub-region.
(i) Sub-Saharan Africa is contributing less to World Trade compared to the 1960s (Fofack, 2014) . (ii) The consequences of rising carbon dioxide emissions are projected to be most detrimental in sub-Saharan Africa (Kifle, 2008; Apkan & Apkan, 2012; Shurig, 2015; Asongu & Odhiambo, 2019a) . (iii) The sub-regionis characterised by the least standards of governance in the world (Asongu, 2014a; Ajide & Raheem, 2016a .
Third, it is relevant to improve governance standards in sub-Saharan Africa because good governance has been established to enhance economic development outcomes on a multitude of fronts, notably in: societal change (Efobi, 2015) and more effective management of economic resources (Fosu, 2013 (Fosu, , 2015a (Fosu, , 2015b Anyanwu & Erhijakpor, 2014) .
Fourth, the attendant literature has substantially focused on the environmental degradation consequences of low political will and poor governance. Some studies supporting this view include: Jones (2003) , Odhiambo (2009a Odhiambo ( , 2009b Odhiambo ( , 2010 , Afful-Koomson (2012) , Apkan and Akpan (2012) , Hongwu (2013) , Chemutai (2009) , Anyangwe (2014 ), Odhiambo (2014a , Akinyemi, Alege, Osabuohien and Ogundipe (2015) , Jarrett (2017) , Akinyemi, Efobi, Asongu and Osabuohien (2018) , Asongu (2018a) and Efobi et al. (2019) .This research departs from the mainstream literature by investigating the relevance of carbon dioxide emissions in domestic governance, continent on globalization. Hence the question this research aims to answer is the following: how do globalization-driven carbon dioxide emissions affect governance standards in sub-Saharan Africa?
With respect to African-centric literature, the studies closest to this paper are Asongu (2018b) and Asongu et al. (2018a) which have respectively, established the connection between globalization and carbon dioxide emissions and the relationship between globalization and governance. In essence, Asongu (2018b) has investigated linkages between information and communication technology, globalization and carbon dioxide emissions while Asongu et al. (2018a) have contributed to the empirics by establishing that various components of globalization affect governance dynamics. The current research builds on these two studies in the light of the identified shortcomings in the environmental degradation literature, to assess how globalization-moderated carbon dioxide emissions influence governance standards in sub-Saharan Africa.
In order to improve room for policy implications, six governance dynamics from the World Governance Indicators of the World Bank (i.e. political stability/no violence, "voice & accountability", government effectiveness, regulation quality, corruption-control and the rule of law) are bundled to produce additional composite governance measurements (i.e. political governance, economic governance, institutional governance and general governance). According to the attendant literature: "The first concept is about the process by which those in authority are selected and replaced (Political Governance): voice and accountability and political stability. The second has to do with the capacity of government to formulate and implement policies, and to deliver services (Economic Governance): regulatory quality and government effectiveness. The last, but by no means least, regards the respect for citizens and the state of institutions that govern the interactions among them (Institutional Governance):
rule of law and control of corruption" (Andres, Asongu & Amavilah, 2015 , p. 1041 .
The purpose of bundling and unbundling governance indicators is motivated by evolutions in the measurement, conception and use of the term "governance" in scientific scholarly reporting. For example, in the light of the definitions provided in the preceding paragraph from Andrés et al. (2015) , it is inappropriate to employ the term "economic governance" in scholarly reporting unless it is measured with constituent indicators of government effectiveness and regulation quality. Therefore, it is for the purpose of limiting conceptual conflation that the engaged governance dynamics are bundled through principal component analysis. Such bundling innovations enable the definition and conception of governance indicators to be consistent with measurements in scholarly reporting. A good illustration in the literature, of a study which has conflated the conception and measurement of governance is Kangoye (2013) . While Kangoye (2013) uses corruption in the empirical exercise, the narratives are discussed in terms of general governance. According to the context of the present research, corruption-control is only a dimension of institutional governance and institutional governance is also only a dimension of general governance. In the light of the attendant critique, this study argues that the term "general governance" can only be used in narratives if it is a composite measurement consisting of political stability, "voice & accountability", government effectiveness, regulation quality, corruption-control and the rule of law (Asongu & Odhiambo, 2019b) .
In the light of the three main categories of governance dynamics covered in this study, the intuition for globalisation in modulating "environmental degradation"-driven governance can be discussed in three main strands. First, from the perspective of political governance, we argue that environmental degradation can influence political governance because it can affect civil unrests and demand for "voice & accountability" in the manner in which, elected leaders take decisions on issues surrounding environmental standards. The associated connection between environmental degradation and political governance is even more apparent when trade and foreign direct investment processes are involved. Accordingly, multinational and domestic companies (through trade and investments) participate in environmental quality and the citizens are very likely to demand better political governance when environmental standards are poor.
Second, environmental degradation from globalization activities can also influence governance in the perspective that, leaders respond by improving economic governance through inter alia: the formulation and implementation of policies that effectively deliver public commodities, such as health, education and transport facilities. Third, the respect of the State and citizens of institutions that govern interactions between them (i.e. institutional governance) can also be improved from interactions between globalization and environmental degradation. Accordingly, such interactions can be associated with corruption and disrespect of the rule of law. Hence, in response, institutional governance is likely to be improved.
In the light of the above, this research anticipates an overall positive net effect on governance standards from the role of globalization in modulating the relationship between environmental degradation and governance. Given the intuition motivating this study, the research is aligned with a framework of theory-building. Therefore, consistent with contemporary empirical research, this study is in accordance with arguments that applied econometrics is not exclusively motivated by the need to accept or reject existing theoretical underpinnings (Narayan, Mishra & Narayan, 2011; Asongu & Nwachukwu, 2016a) . Hence, the research argues that applied econometrics based on sound intuition is also a useful scientific activity that can lead to theory-building.
The anticipated theoretical insights are broadly consistent with Farazmand (2004) and Farazmand and Pinkowski (2006) on nexuses between globalization, institutional ramifications and macroeconomic outcomes such as global insecurity, national sovereignty, income inequality as well as public and environmental health. Accordingly, beyond the concern of governance which is used as the outcome variable in this study, Farazmand (2004) and Farazmand and Pinkowski (2006) also document that globalization is linked to the independent variable of interest used in this study (i.e. carbon dioxide emissions) by articulating that globalization is directly linked to concerns of sustainable development such as climate change and the sustainable use of energy.
The rest of the research proceeds as follows. Section 2 covers the data and the methodology. The empirical results are disclosed and discussed in Section 3 while Section 4 concludes with future research directions.
Data and methodology

Data
The study is focused on 44 countries in sub-Saharan Africa using data from 2000 to 2012 1 . "Carbon dioxide emissions per capita" is adopted as the environmental degradation variable while trade openness and foreign direct investment are appreciated in the terms of respectively, "imports plus exports" and net foreign direct investment inflows. The choice of these variables is motivated by contemporary environmental pollution literature (Asongu, 2018b) .
The governance indicators which have been defined in the introduction are from Kaufmann, Kraay and Mastruzzi (2010) . They are increasingly being used in the African governance literature: Oluwatobi, Efobi, Olurinola and Alege (2015), Raheem (2016a, 2016b) and Asongu and Nwachukwu (2017) .
Four main control variables are adopted in order to account for variable omission bias, be established with certainty because it is contingent on whether such credit access is limited to the rich fractions of the population or not.
Whereas Okada and Samreth (2012) have concluded that foreign aid reduces corruption in developing nations, Asongu and Nwachukwu (2016b) have used the six governance variables employed in this research to establish that foreign aid reduces governance standards in Africa. The education quality indicator is measured as the pupilsteacher ratio. Hence, a negative effect is anticipated on governance quality because the variable reflects a policy syndrome. This is essentially because a higher ratio reflects poor education quality since more pupils are accommodated by fewer teachers. The choice of primary education, relative to other measures (or higher levels of education) has two main motivations. On the one hand, there are data availability constraints in the other levels of education. On the other hand, the primary level of education has been documented to be more associated with development externalities when countries are at initial levels of industrialisation. Some studies supporting this thesis are: Asiedu (2014) and Petrakis and Stamatakis (2002) .
In recent African development literature, Asongu and le Roux (2019) have shown that inclusive development promotes good governance. The definitions and sources of the variables are provided in Appendix 1 while the summary statistics is disclosed in Appendix 2.
Appendix 3 presents the correlation matrix.
Methodology
2.2.1Principal Component Analysis
In accordance with the motivation of the study, in order to improve room for policy implications, the governance variables are bundled with principal component analysis. The The criterion used to select common factors is from Kaiser (1974) and Jolliffe (2002) .
They recommend that common factors should be retained if they have an eignenvalue greater than the mean and reflect about 70% of common information in constituent variables. The results of the principal component analysis are disclosed in Table 1 . It is apparent from the 
GMM: Specification, identification and exclusion restrictions
This research borrows from recent literature on the motivation for employing the Generalised Method of Moments because such motives are consistent with the data behavior and modeling approach for this research. In accordance with the attendant literature (Tchamyou, 2019a (Tchamyou, , 2019b Asongu & Nwachukwu, 2016c; Fosu & Abass, 2019) , the choice of this empirical strategy is informed by four main factors. First, the governance dynamics (i.e. the outcome variables) are persistent given that the correlation between their level values and first lagged values is higher than 0.800, which is the rule of thumb for establishing such persistence (Tchamyou et al., 2019; Boateng, Asongu, Akamavi & Tchamyou, 2018) . Second, N (i.e. the number of countries) is higher than T (i.e. the number of periods in each country).
Third, given the panel data structure of the study, cross-country variations are considered in the estimation exercise. Fourth, the issue of endogeneity is addressed from two main perspectives. On the one hand, an instrumentation process is employed to account for simultaneity or reverse causality. On the other hand, the unobserved heterogeneity is taken on board because the estimation process controls from time-invariant variables and by extension, cross sectional dependence.
The Roodman (2009a Roodman ( , 2009b extension of Arellano and Bover (1995) is employed in this study because in the light of contemporary literature, it limits the proliferation of instruments and has more efficient properties.
The following equations in level (1) and first difference (2) summarise the standard system GMM estimation procedure.  is the error term.
Identification and exclusion restrictions
The identification and exclusion narrative in this research is broadly consistent with recent literature which has employed the Generalised Method of Moments approach, notably:
Asongu and Nwachukwu (2016d), Tchamyou and Asongu (2017) , Meniago and Asongu (2018) , Tchamyou et al. (2019) and Boateng et al. (2018) .According to the attendant strategy, years or time-invariant variables are considered as strictly exogenous variables while all the explanatory indicators are acknowledged as predetermined. Roodman (2009b) is sympathetic with this identification strategy because the author has argued that it is unfeasible for timeinvariant variables to be endogenous upon a first difference 2 .
The exclusive restrictions and identification frameworks are aligned in the perspectives that, the strictly exogenous variables influence the outcome variable exclusively through the predetermined variables. The underlying assumption of exclusion restriction is assessed with the Difference in Hansen Test. The null hypothesis of this test is the position that the instruments are valid and the exclusion restriction assumption is validated if the null hypothesis is not rejected. While this information criterion on exclusion restriction is that which is used in the Generalised Method of Moments with forward orthogonal deviations, the strategy is not different from a standard instrumental variable strategy in which, a rejection of the null hypothesis of the Sargan test implies that the instruments are not valid (Beck, Demirgüç-Kunt & Levine, 2003; Asongu & Nwachukwu, 2016b) .
Presentation of results
Empirical results
This section discloses the empirical results. Table 2 presents nexuses between globalization, environmental degradation and political governance while Table 3 shows findings on linkages between globalization, environmental degradation and economic governance. The findings in Table 4 are connections between globalization, environmental degradation and institutional governance, whereas the focus of Table 5 is on globalization, environmental degradation and general governance. With the exception of Table 5 which focuses on general governance, In order to assess the validity of estimated models, four information criteria are used 3 .Based on these criteria, some models do not pass post-estimation diagnostic tests, Hence, the procedure for treating ivstyle (years) is 'iv (years, eq(diff))' whereas the gmmstyle is employed for predetermined variables. 3 "First, the null hypothesis of the second-order Arellano and Bond autocorrelation test (AR (2) ) in difference for the absence of autocorrelation in the residuals should not be rejected. Second the Sargan and Hansen over-identification restrictions (OIR) tests should not be significant because their null hypotheses are the positions that instruments are valid or not correlated with the error terms. In essence, while the Sargan OIR test is not robust but not weakened by instruments, the Hansen OIR is robust but weakened by instruments. In order to restrict identification or limit the proliferation of instruments, we have ensured that instruments are lower than the number of cross-sections in most specifications. Third, the Difference in Hansen Test (DHT) for exogeneity of instruments is also employed to assess the validity of notably: (i) the fourth and sixth columns of Table 2 ; (ii) the first-three specifications of Table   3 ; (iii) the last-four specifications of Table 4 and (iv) the fourth column of Table 5 . One common feature in the invalid models is that the Hansen test is rejected. It is worthwhile to articulate that the Sargan test is not robust but not weakened by instrument proliferation whereas the Hansen test is robust and weakened by instrument proliferation. A means of dealing with the conflicting information criteria is to adopt the Hansen test and then ensure that instrument proliferation is limited. Such instrument proliferation is restricted by ensuring that the number of cross sections is higher than the number of instruments in each specification.
In line with the research question motivating this study, in order to assess how globalisation modulates "environmental degradation"-driven governance, net effects are computed from estimated models that are valid. These net effects consist of the both the unconditional effects of environmental degradation and the corresponding conditional impact which entails the interaction between environmental degradation and a globalization dynamic.
For instance in the second column of 2) The failure to reject the null hypotheses of: a) no autocorrelation in the AR(1)andAR(2) tests and; b) the validity of the instruments in the Sargan OIR test. Na: not applicable because at least one estimated coefficient needed for the computation of net effects is not significant.Constants are involved in the regressions. The mean value of trade openness is 76.759 while the mean value of financial openness is 5.381.
The following findings are established from Tables 2-5. In Table 2 , trade openness modulates carbon dioxide emissions to induce a positive net effect on political stability. In Table 3 , trade openness moderates carbon dioxide emissions to have a net positive impact on economic governance. In Table 4 , trade openness modulates carbon dioxide emissions to exert a positive net impact on the rule of law. In Table 5 , trade openness moderates carbon dioxide emissions for a positive net impact on general governance. The significant control variables have the expected signs. (-1) 1.012*** 0.968*** ------------(0.000) (0.000) Corruption Control (-1) ------0.826*** 0.839*** ------(0.000) (0.000) Institutional Governance (-1) - 2) The failure to reject the null hypotheses of: a) no autocorrelation in the AR(1)andAR(2) tests and; b) the validity of the instruments in the Sargan OIR test. Na: not applicable because at least one estimated coefficient needed for the computation of net effects is not significant.Constants are involved in the regressions. The mean value of trade openness is 76.759 while the mean value of financial openness is 5.381. 
Concluding implications and future research directions
This study investigates linkages between environmental degradation, globalisation and governance in 44 countries in Sub-Saharan Africa using data for the period 2000-2012. The
Generalised Method of Moments is employed as empirical strategy. Environmental Another factor in the findings worth discussing is the fact that some of the models are not valid, especially in "foreign direct investment"-oriented regressions. There are two possible explanations to this tendency: one is ethical and the other is scholarly. On the ethical front, had this research exclusively focused on the trade dimension of globalization, most of the estimated models would have been significant with worthwhile net effects. However, the study has maintained or reported the "foreign direct investment"-oriented regressions in order to avoid the "file drawer" problem in scientific scholarly reporting, notably: the exclusive reporting of strong, significant and expected results and consignment of weak, insignificant and unexpected results to the file drawer (Rosenberg, 2015; Franco, Malhotra & Simonovits, 2014; Boateng et al., 2018) . Moreover, by reporting the "foreign direct investment"-oriented results, this study is consistent with the view that insignificant and weak results have as much economic significance and policy relevance as significant and strong findings. Hence, there is a scholarly explanation to the "foreign direct investment"-oriented findings.
On the scholarly front, differences in the role of trade openness vis-à-vis financial openness can be traceable to the debate over the importance on globalization in economic development outcomes in developing countries. According to the attendant literature, while there is a consensus on the beneficial effects of trade openness in economic development, the benefits of financial openness are still subject to intense debates in scholarly circles, especially because of recurrent financial crises that are increasing in magnitude and scale (Prasad & Rajan, 2008; Kose, Prasad& Taylor, 2011; Asongu, 2014b Asongu, , 2017 Price & Elu, 2014; Motelle & Biekpe, 2015) .
The main caveat in the study is that the Generalised Methods of Moment approach is not tailored to account for country-specific effects because these effects are theoretically inconsistent with the application of the empirical approach. Accordingly, country-specific effects are eliminated in order to avoid endogeneity concerns related to the correlation between the lagged dependent variable and country-specific effects. It is therefore worthwhile for future studies to assess whether the established findings withstand empirical scrutiny when relevant empirical approaches are used to engage country-specific studies. Moreover, it would also be worthwhile for future studies to focus on sound governance (as opposed to good governance) by building on insights from Farazmand (2004) . 
Appendices Appendix 1: Definitions of variables
